We present far-infrared spectral line observations of five galaxies from the Little Things sample: DDO 69, DDO 70, DDO 75, DDO 155, and WLM. While most studies of dwarfs focus on bright systems or starbursts due to observational constraints, our data extend the observed parameter space into the regime of low surface brightness dwarf galaxies with low metallicities and moderate star formation rates. Our targets were observed with Herschel at the [
INTRODUCTION
Understanding how conditions in the interstellar medium (ISM) influence star formation is crucial for models and simulations of galaxy evolution. To address the issue properly, we must understand a wide variety of environments, from mergers to spirals to dwarf galaxies. Dwarfs in particular are interesting because of their typically low abundances of metals, which can lead to quite different physical conditions in the ISM of these systems. Molecular gas, H 2 , is the fuel necessary for star formation, but is easily dissociated by UV radiation. In metalrich environments, the relatively high abundance of dust can better shield H 2 . Thus observations of the stuctures of molecular clouds and their envelopes in dwarf galaxies can shed light on the process of star formation in the low-metallicity regime. Since molecular gas is difficult to study directly in low-metallicity systems, we utilize far-infrared (FIR) atomic spectral lines to determine the properties of the ISM and photodissociation regions (PDRs).
The FIR fine-structure lines arising from starformation regions (H II regions and PDRs) are some of the most important coolants in these galaxies, and can reveal the physical conditions and structure of their ISM. For example, the [C II] 158µm line can range from 0.1% to 1% of the FIR luminosity in galaxies (e.g., Stacey et al. 1991; Brauher et al. 2008) . Other important cooling lines include [O I] 63µm and 145µm, for example. Since each atomic species exists within a certain range of densities and levels of ionizing radiation, measured abundances and ratios of these diagnostic lines can be used to determine the local gas properties such as density and local radiation field.
Starting with the Kuiper Airborne Observatory (KAO), the [C II] line at 158µm was found to be one of the brightest FIR spectral lines in external galaxies (e.g., Crawford et al. 1985; Stacey et al. 1991) , though the sample was small, the accessible lines were few, and sensitivity was poor. The Infrared Space Observatory (ISO) allowed for larger and improved surveys of FIR lines in galaxies (see, for example, Malhotra et al. 1997; Smith & Madden 1997; Brauher et al. 2008) . When dwarfs were observed with KAO and ISO (see Madden 2000; Hunter et al. 2001 , for further discussion), it was found that they tend to have higher [C II]/FIR ratios than spirals. However, due to sensitivity limitations, large numbers of dwarf galaxies were not accessible at FIR wavelengths. Now, with the enhanced spatial resolution of the Her-schel Space Observatory (Pilbratt et al. 2010) , we can expand on previous studies that were limited to average fluxes over entire galaxies. The sensitivity of the PACS spectrometer (Poglitsch et al. 2010 ) allows us to actually survey the FIR lines in lower-metallicity systems, and its high spatial resolution of 11.5 (Aniano et al. 2011 ) allows us to study separate resolved regions within each image. Other spectral studies of low-metallicity systems with Herschel include the Dwarf Galaxy Survey (DGS; Madden et al. 2013) , which targeted 50 metalpoor dwarfs as low as 2% solar metallicity -among the lowest-metallicity galaxies in the local universe. Detailed models of PDRs in these systems have been developed for NGC4214 (Dimaratos et al. 2015; Cormier et al. 2010) , Haro 11 (Cormier et al. 2012 ) and the N11 region of the LMC (Lebouteiller et al. 2012) . While previously studied systems at low metallicities in the DGS and other samples include objects with moderate star formation rates, many form stars at a high rate. An extreme example is Haro 11, which is considered to be in a starburst phase with a SFR of 43 M yr −1 (De Looze et al. 2014) . We expand the sample of observed systems to include more galaxies representative of typical dwarfs.
To determine the structure of star-forming molecular clouds at low metallicity and moderate star formation rates, we have mapped far-infrared (FIR) fine-structure lines in selected regions of five dwarf irregular galaxies: DDO 69, DDO 70, DDO 75, DDO 155, and WLM. This sample is part of the larger Little Things (Local Irregulars That Trace Luminosity Extremes, The HI Nearby Galaxy Survey; Hunter et al. 2012 ) sample of 41 nearby dwarf galaxies. Little Things is a survey of relatively normal, nearby gas-rich dwarf galaxies, with an impressive suite of data amassed to trace their stellar populations, gas content, dynamics, and star formation indicators. The Little Things sample was itself selected from a larger sample of 136 dwarfs discussed by Elmegreen (2004, 2006, hereafter HE04 and HE06) , and distributions of parameters such as gas mass, central surface brightness, and star formation rate for both Little Things and its parent sample are presented in Figure 1 of Hunter et al. (2012) . Our specific targets were selected to be representative of a large number of dwarfs in terms of their SFR and metallicity. The average star formation rate (SFR F U V ) in our Herschel sample is a modest 0.095 M yr −1 , and the average gas depletion time (M HI /SFR) is roughly 8Gyr. The sample metallicities span from ∼ 13% Z down to ∼ 5% Z (where Z defined by 12 + log(O/H) is 8.69, Asplund et al. 2009 ), complementing the sample observed by DGS, which has FIR observations of galaxies as low as Z=7.14, or 3% solar metallicity. Our targets, all less than 2.2 Mpc away, are extended, low surface brightness galaxies with only moderate star formation. Their close proximity allows us to study them on scales down to 45-123 pc (corresponding to the 11. 5 [C II] angular resolution at distances of 0.8-2.2 Mpc). Basic information about each galaxy in our sample is presented in Table 1 .
In this work we quantify the emission recovered from several infrared spectral lines - [C II] results in the context of previous work in the literature and comment on the physical conditions determined from these observations in our target regions. We present two different viewpoints on the regions in our galaxies: we investigate flux values integrated over the whole field of view, and we analyze our maps on a resolved pixel-bypixel basis. The results of this work give essential input for modeling the PDRs in these systems, which we will explore in an upcoming paper. This paper is organized as follows. In § 2 we describe our data treatment, in § 3 we discuss the various analysis techniques and formulations used in this study, in § 4 we detail the FIR flux ratios as well as qualitative features in the maps, and in § 5 we discuss our results in further detail before summarizing in § 6. References.
-Data as reported in Hunter et al. (2012) . Original distance and metallicity references, respectively. DDO 69: Dolphin et al. (2002 ), van Zee et al. (2006 . DDO 70: Sakai et al. (2004) , Kniazev et al. (2005) . DDO 75: Dolphin et al. (2003) , Kniazev et al. (2005) . DDO 155: Tolstoy et al. (1995a ), van Zee et al. (2006 . WLM: Gieren et al. (2008) , Lee et al. (2005) .
Note. -General information about this galaxy sample, as reported by Hunter & Elmegreen (2004 ; Hunter et al. (2012) . µ 0 V is the central V −band brightness. R D is the disk scale length. SFR F U V is the star formation rate determined from L F U V , and SFR F U V D is that divided by πR 2 D . Oxygen abundances for metallicities were determined from H II regions. † Parent sample statistics are drawn from the 40 Little Things galaxies for the H I masses and metallicities, and the 136-dwarf sample (which includes Little Things) for the rest. 1e 5 . The values inside the observed Herschel footprint are shown in color, while those outside of the footprint are shown in black and white. The "inside" distributions of the B−band and 24µm maps are representative of the majority of the "outside" distributions. H I is quite extended in our galaxies, with low column densities at the outer edges (c.f. Figures 1 & 2) . Even though the H I distributions are not equivalent, we sample the brighter non-edge emission in the galaxy fairly well. The histograms for the other four galaxies in our sample show similar behavior to those presented here for DDO 70. Note. -Metallicities for the Brauher et al. (2008) sample were determined from the L-Z relation described by Lamareille et al. (2004 A single star-forming complex was chosen for the center of the PACS footprint in each galaxy. The specific regions observed were selected as being most likely to have molecular gas, based on areas of enhanced far-ultraviolet (FUV) and Hα -indicating recent star formation -as well as neutral hydrogen (H I) emission. Figures 1 and  2 show the target regions in comparison to the H I distribution. A summary of the observations is given in Table  2 .
Although the observed regions were selected based on likely sites of star formation, they are nevertheless representative of each host galaxy in several wavebands. Figure 3 shows B−band, 24µm, and H I brightnesses of pixels inside and outside of the Herschel footprint for DDO 70. The outer edges of each galaxy have many lines of sight with extremely low surface brightness, as expected, but the regions observed with Herschel are representative of the non-edge regions. For a selection of global parameters of our galaxies compared to the other samples discussed in this work, see Table 3 .
The targets were observed with a chopping/nodding raster pattern in the Open The line maps in each galaxy were observed using 2×2 rasters of 4. 5 steps. All observations were performed in the chop-nod mode with a large off-source chop throw of 6 , sufficiently far away from any star-forming regions associated with the target galaxy. The only source with possible contamination from chopping positions is WLM, due to its extended nature. The H I emission in WLM does extend out to just about 6 , however it is very tenuous that far out -column densities drop by a factor of ∼20. The entire field of view covered for each galaxy is the sum of the PACS grid of 5×5 spatial pixels (referred to as spaxels, 9. 4 on each side) plus the raster step, for a total of 51. 5 per side.
Reduction
Basic data reduction was performed using the Herschel Interactive Processing Environment v11.1.0 (HIPE; Ott 2010) with calibration tree 56. The HIPE ChopNod LineScan pipeline was used to calibrate flux and wavelength, as well as mask bad pixels -those that are outliers, glitches, saturated, or noisy -resulting in "Level 1" cubes. We utilize two sets of final data products for our analysis: 2-dimensional integrated flux maps; and 3-dimensional data cubes, with the third axis containing the spectral information. Although the lines are not spectrally resolved in the PACS data, the 3D data cubes are useful for combining spectra over spatially extended regions to draw out faint emission that would not be detected by 2D flux map integration alone.
The 2D images for each of the observed lines were created using the PACSman package (Lebouteiller et al. 2012) , which is a suite of utilities for line-fitting, mapping and analyzing Herschel data that have been calibrated and masked by HIPE. Normally within HIPE, a spectrum for each of the 25 spaxels is created by rebinning the calibrated and masked data "cloud" of up to several hundred thousand readouts in each spaxel. From there, the user can perform line fits and integrate fluxes with their preferred tasks. This process can average out much of the spatial and spectral information available in the data before fitting, such as minor dithers in the RA and DEC of nod positions and slight spatial dependences of spectral layers in the cubes, which can result in a reduction of the dynamic range of the final images. In PACSman, by contrast, Gaussian-plus-polynomial profiles are fit to the full data cloud of line-plus-continuum emission at each spaxel in each raster position, utilizing all available information, without prior rebinning. Fits to some sample spectra of our observed fine-structure lines are shown in Figure 4 .
We utilize the Monte Carlo option to robustly estimate the fit errors. PACSman does this by iteratively adding random perturbations to the spaxel data cloud values and then fitting the perturbed data. First, the data for a spaxel are binned. The error attributed to the individual points in a bin is the standard deviation of the values contained within. Then this error is used as the dispersion (σ) in a Normal distribution to generate the perturbation for a given data point. The final error is taken to be the standard deviation of the distribution of fit results from the perturbed flux arrays. Tests on several maps determined that 400 iterations is the optimal number to produce stable and reasonable error estimates that do not differ significantly from those produced by higher numbers of iterations.
To produce the final maps, PACSman uses an approach to raster map projection similar to Drizzle (Fruchter & Hook 2002) , where the rasters are projected onto a subspaxel grid of ∼3 pixels. The value at each projected pixel is determined from the corresponding spaxel fraction, assuming uniform surface brightness in each spaxel. Thus, each pixel in the final projection grid can correspond to several line fits, which are weighted and averaged to make the resulting 2D flux maps (see, for instance, Figures 1 and 2) .
The 3D cubes are called slicedProjectedCubes in the HIPE parlance, and are the final products from the pipeline. All of the rasters, initially organized in sets of 5×5 spaxels, are projected onto a grid of smaller pixels. Where PACSman projects fitted fluxes, however, HIPE projects the rebinned spectra directly, resulting in spatial maps of uniformly binned spectra. We set the spatial oversample setting to 2 in HIPE, and the spectral upsample to 1 to produce our final data cubesthe latter is particularly important for appropriate error estimation, as it ensures the spectral channels are independent from each other.
PACSman can give more reliable fitted fluxes for given pixels, for the reasons mentioned above, and the superior dynamic range of the these maps aids in comparing different regions within the image. However, the preservation of spectral information is crucial for some applications. Pixel errors can be quite large for faint flux levels, so combining the spectra from the 3D cubes directly over an area of interest before fitting can provide a higher S/N ratio for the integrated emission of an extended region. While integrated fluxes of the bright [C II] line are roughly the same using both data products, the 3D spectral cubes are better for characterizing the integrated emission from the other three lines in our galaxies. To summarize: in our low surface-brightness regime, the PACSman maps provide better morphological and qualitative information for bright emission, while the 3D cubes give better integrated fluxes over multiple pixels. The method of combining spectra is discussed in more detail in § 3.3.
Ancillary Data
We supplement the Herschel data with mid-and farinfrared continuum images from the Spitzer Space Telescope at 24, 70, and 160 µm, as well as our PACS Photometry 100µm and 160µm maps, where available. We utilize Infrared Astronomical Satellite (IRAS) 60 and 100 µm measurements for comparison with previous studies. We also have optical images in V − and B−bands, Hα, and FUV, for comparison with features and luminosities seen in the infrared. These maps also allow us to locate areas and quantify rates of star formation in our galaxies.
It is insightful to compare our line fluxes to integrated broadband infrared emission, as the ratios of line fluxes to broadband photometry measurements can be used with PDR models to determine physical parameters such as number densities and radiation field intensities. We only use Spitzer and Herschel photometry to calculate TIR fluxes for our sample, though we use the IRAS data with much coarser angular resolution to obtain globally averaged 60µm/100µm flux ratios for comparison with the literature. The various far infrared data sets used for these purposes are described below.
All five of our galaxies were mapped in 24, 70, and 160µm continuum with Spitzer and presented by Dale et al. (2009) as part of the Spitzer Local Volume Legacy Survey. We use these Spitzer maps to calculate global TIR values (discussed further in § 3.5). Three of our five galaxies -DDO 69, DDO 70, and DDO 75 -were observed with the PACS and SPIRE photometers aboard Herschel during OT2. The final maps were made with the Scanamorphos package (Roussel 2013) . The full discussion of the Herschel photometry data reduction will be covered in our upcoming paper (Cigan et al., in prep.) . The resolution of these data is closely matched to the spectral observations, and so they are preferable to the coarser Spitzer measurements in calculations of TIR for comparisons with the spectral lines. Since there is no Herschel photometry for DDO 155 or WLM, though, we primarily use the Spitzer maps for globally integrated TIR calculations to ensure a consistent source for all five galaxies, and use the Herschel photometry maps where available as supplementary data.
Unresolved IRAS 60µm and 100µm fluxes were available for all of our galaxies: DDO 69 (Tacconi & Young 1987) , DDO 70 (Lisenfeld et al. 2007 ), DDO 75 (Moshir et al. 1990 ), DDO 155 (Melisse & Israel 1994) , and WLM (Rice et al. 1988) . We only use the ratio of unresolved IRAS 60µm and 100µm fluxes to compare our global line ratios with those of our reference sample discussed below; we do not use the IRAS data to compute broadband TIR fluxes for our galaxies.
We use the B−band images obtained by HE06 to determine TIR/B ratios, which are a measure of the starlight reprocessed by dust. The total uncertainties reported combine the statistical errors of integration and the overall systematic errors. GALEX FUV maps come from Hunter et al. (2010) , with the exception of DDO 155, which comes from Dale et al. (2009) .
We use the Little Things maps of the neutral hydrogen (H I) content in these galaxies, which are based on NRAO 10 Very Large Array (VLA) observations in B-, C-and D-configurations. The H I maps have a common angular resolution of 6 . The data were presented by Hunter et al. (2012) and can be downloaded from the Little Things NRAO science web page 11 . In our line ratio plots, we make use of the data points presented by Hunter et al. (2001, hereafter H+01) for observations of other Little Things galaxies with ISO and IRAS, as well as data for a variety of other galaxy types presented by Brauher et al. (2008, hereafter B+08) and references therein. The IRAS 60/100µm values for DDO 69 and DDO 155 were not reported in those studies, and we take their values from the following additional sources. Fluxes and uncertainties for DDO 69 60µm, DDO 69 100µm, and DDO 155 60µm measurements come from Tacconi & Young (1987) . The same authors only report an upper limit for the 100µm flux in DDO 155, while Melisse & Israel (1994) report a flux detection without an accompanying uncertainty. For this source, we use the published detection as the flux, and take the 1σ upper limit as the uncertainty. The Spitzer maps have different resolutions in the different bands. We use the values reported by Aniano et al. (2011) for the Spitzer beams: 6. 5 for 24µm; 18. 7 for 70µm; 38. 8 for 160µm. Table 4 summarizes the beam sizes of each instrument. The size of the MIPS 160µm beam is similar to the entire PACS field of view. Any small resolved aperture within a Herschel map will thus be on the order of (or smaller than) the MIPS 160 beam, so we make no spatially resolved comparison between the two instruments on those scales. All Spitzer maps are convolved to the common beam size of 38. 8 FWHM before they are combined to derive values for the TIR continuum.
3. ANALYSIS 3.1. Outline Our goal is to study the physical properties of the galaxies we observed. We first make note of the general qualitative properties apparent in the maps produced by the standard data reduction as described in § 2. Then we quantify the line flux in each map by combining spectra from several pixels, fit a profile to the combined spectrum, and examine the appropriate uncertainties that apply to our measurements. Next, we determine the broadband infrared flux over the spatial scale of the PACS line footprints, in order to compare the various line emission fluxes to the integrated continuum. Line and broadband fluxes are additionally determined for resolved regions within maps, where possible, to study our systems spatially. Finally, we discuss the results of our flux integrations within this sample of five galaxies, and compare them with previously published results. To quantify the fundamental gas properties in our targets, we pursue more detailed modeling in upcoming papers to obtain dust masses from the broadband photometry, and combine the photometry and spectroscopy in PDR models to obtain densities and radiation field estimates. There are often bright spots at the edges of the images. An inspection of these spots in the data cubes reveals that this is usually not genuine emission; reduced coverage can skew the averages, but the errors are correspondingly high. We generally ignore the noisy outer edges of the maps and consider only the bright regions in the interior. One notable exception is the southwest corner of the DDO 155 [C II] map (see Figure 2 ), which shows some emission that is cospatial with a region of high-density neutral hydrogen, V −band, FUV, Hα, and 160µm signal. DDO 69 shows a slight knot of [N II] in the southwest corner of the map that is cospatial with 160µm emission and between clumps of V, FUV, and Hα.
However, only one raster registered a detection of 3.7σ amid much noise, while it is not detected in the other rasters.
Determining Integration Regions
All of the PACS line fluxes we present in this work are determined by combining spectra over some spatial region. While the [C II] line is well-detected in all our galaxies, the other line maps give many non-detections when the entire cube is combined, especially for [N II] and [O III] . Inspecting these spectral maps by eye shows that there are indeed regions of detectable flux in many of these targets.
To address this, we created masks to restrict integration regions to areas with true emission. First, we create signal-to-noise maps based on specified integration kernels: circular boxcar functions using diameters of one beam FWHM, two beam widths, etc. At every pixel position, the spectra enclosed in the adopted aperture size are combined and and fitted with a composite Gaussian and polynominal profile to determine the flux and error centered at that location. The resulting maps, shown in Figure 5 , therefore give the detection significance of flux enclosed in the given aperture size centered at any given position. Maps using different kernel sizes will show different views of the emission in a target, depending on how diffuse the emission regions are. A moving aperture of two beam widths is a good compromise that shows the majority of emission on the different scales without losing too much resolution, so the maps presented here use this kernel. For bright and widespread emission, these maps are excellent masks for spectrum aggregation. For our global measurements of [C II] and [O I] flux over each footprint, we combine all spectra within regions where the "moving aperture" signal to noise is greater than 3.
Regarding our [O III] and [N II] maps, we manually identify individual regions where there are traces of genuine emission, based on our S/N maps. Combining spectra from these hand-selected regions (shown by cyan ellipses in Figure 5 ) results in final spectra with less noise. The resulting spectra aggregated from the regions defined in Figure 5 for each map are shown in Figure 6 . The PACS flux maps showing the final integration regions are presented in Figure 7 . It should be noted that many of the regions with detectable faint signal are offset from the brightest regions in the PACSman maps. Each region is no smaller than the limiting beam size for a given map. Aperture corrections for the smallest regions, such as [O III] in DDO 69, are on the order of 20%. They rapidly drop down to ∼2% for apertures 20 wide, though, and are less than 1% for footprint-scale regions.
When computing ratios of line fluxes, the apertures are matched according the intersection of the emission indicated in Figure 5 : the more prominent line is integrated over the area of the less prominent line. 
Profile Fits and Uncertainties
Raw spectra from a given integration region are combined without prior continuum subtraction. Baselines of individual spectra do not typically exhibit systematic patterns over beam-sized scales, which would otherwise be amplified by this method. Line fluxes for a given spectrum are determined from the area under a Gaussian + polynomial profile:
+ aλ 2 + bλ + c. The resulting flux after subtracting the polynomial continuum response is thus given by Flux f it = √ 2πAσ . We use the python package lmfit for fitting, which is an implementation of the Levenberg-Marquart nonlin- ear least-squares algorithm. lmfit calculates numerical derivatives with MINPACK's lmdif function, as implemented by scipy.optimize.leastsq.
Since our targets are extended with extremely low surface brightnesses, we rigorously examined the uncertainties of our measurements to ensure that they are reliably characterized. The two types of error we discuss below are the statistical error in the spectral fits and the general instrumental uncertainty of order 12%.
For combined spectra, the fit error is the formal uncertainty of the area under the Gaussian with independently fitted parameters A, λ c , and σ:
A·σ , where has been used for the variances 2 A , 2 σ , and covariance 2 A,σ so as not to confuse it with the notation for the gaussian dispersion σ.
The variances and covariances of the fitted parameters are determined automatically within the fitting routine: the standard errors come from the covariance matrix (C.M.) of the fit, which is calculated from the Jacobian of the system of equations: C.M. = (J T J) −1 . The diagonal elements of the covariance matrix are the parameter variances (typically denoted as σ 2 , but given as 2 above), and the off-diagonal elements yield the covariances between parameters. This assumes that all channels in the spectrum are independent of each other (upsample=1 in HIPE), otherwise the uncertainty will be underestimated. Typical values for the errors on the fitted fluxes are around 10%.
The pixel error values used for the S/N ratios in the PACSman maps, by comparison, come from the fit uncertainties in each spaxel, which have been projected onto the pixel grid (see Lebouteiller et al. (2012) for additional details on error handling within PACSman).
When comparing measurements from different instruments, we must include the uncertainty arising from overall instrumental effects. The statistical uncertainties described above and those due to the system as a whole are added in quadrature. The systematic uncertainties for the PACS Spectrometer and the Spitzer MIPS bands are summarized in Table 4 . The sum total uncertainty for a specific integration region combines the summation (fit) error and the systematic error, which we compute as ∆ tot = ∆ 2 f it + ∆ 2 sys . 
TIR Fluxes
We wish to compare our line emission with the infrared continuum, to understand how much of the total infrared energy each line comprises, and to compare our sample with other galaxies. However, some care must be taken with definitions of "Far"-and "Total"-Infrared emission (FIR, TIR, respectively), as there is some overlap in the literature. In general, FIR is taken to be the range from several to some hundreds of microns, while TIR covers the range from several to a roughly a thousand microns.
FIR has traditionally been preferred over TIR for characterizing the infrared continuum, for various reasons including the lack of instruments able to sample the longer wavelengths of the IR spectrum. This was reasonable because observation targets were typically bright with thermal radiation that covered the FIR ranges well. However, the narrow band of the canonical FIR (40-120µm) can be a poor match for the SEDs of cooler objectsa simple blackbody spectrum at 25K peaks at 147µm, outside of the range. TIR also includes some emission from particles such as PAHs at wavelengths shorter than the FIR cutoff. The SEDs of our systems peak around 100µm, but some of the objects in the Dwarf Galaxy Survey (DGS; Madden et al. 2013 ) peak below 40µm (see Rémy-Ruyer et al. 2013) , making FIR a particularly poor choice for IR characterization. For these reasons, we use TIR in our analysis to better represent the majority of Reference Galaxies (Brauher et al. 2008 ) IRAS
Note. -Herschel photometry is only available for three of our five galaxies. IRAS measurements are only used in TIR calculations for the reference sample, not for our galaxies in this work.
the emission in the infrared continuum.
We determine TIR luminosities for our five galaxies from a combination of Spitzer MIPS measurements at 24, 70, and 160 µm. We also utilize TIR calculated from PACS 100µm for our three galaxies with Herschel photometry data -DDO 69, DDO 70, and DDO75. Since we only have Herschel photometry data for 3 of our five galaxies, we primarily use the Spitzer -based TIR for footprint-scale measurements to ensure a consistent source for the sample, and use the Herschel -based TIR in § 5.3 where we analyze the relation of line emission and TIR on a spatially resolved basis. When comparing Herschel line fluxes to TIR Spitzer , the TIR values are for the entire PACS field of view due to the poor MIPS 160µm resolution, while the superior resolution of TIR Herschel allows for the appropriately matched apertures. We exploit the higher spatial resolution of the PACS photometry for a resolved comparison of line ratios in § 4.3 for those three galaxies. The comparison sample from B+08 used FIR fluxes calculated from older IRAS measurements. We calculate the TIR fluxes for their sample directly, instead of applying a TIR/FIR ratio. Table 5 summarizes the data sources used to calculate TIR for the various samples discussed in this work.
H+01 and Dale et al. (2009) , following Dale & Helou (2002) , estimate the TIR from 3-1100µm as f (TIR) IRAS = 2.403(νf ν ) 25µm − 0.2454(νf ν ) 60µm + 1.6381(νf ν ) 100µm and f (TIR) M IP S = 1.559(νf ν ) 24µm + 0.7686(νf ν ) 70µm + 1.347(νf ν ) 160µm . See §5.2 of Dale et al. (2009) for further discussion. Draine & Li (2007) add IRAC 8µm to the MIPS 24, 70, and 160 micron data to estimate the TIR luminosity. We only have 8µm maps for DDO 69 and DDO 155, though, so in the interest of consistency, we use the definition of f (TIR) M IP S from Dale & Helou (2002) for all five galaxies.
For our sources with Herschel photometry (DDO 69, DDO 70, DDO 75), we also estimate TIR using the prescription of Galametz et al. (2013) based on PACS 100µm: log(L TIR ) = (1.0×) log(νL ν 100 ) + 0.256, where L TIR and νL ν are in units of L . They demonstrated that this particular single-band formulation of TIR was a reliable estimator for most galaxies.
The uncertainties in the fluxes of each Spitzer and PACS photometry band were determined by comparison with off-source regions. Each integration aperture was placed at several (6-8) locations in the map that were free of signal, yielding off-source fluxes for identical aperture sizes and shapes. The uncertainty of the original flux ∆f ν in a given map is then taken to be the standard deviation of these off-source measurements. The overall uncertainty in TIR is then derived according to standard error propagation.
RESULTS

Flux Integrations
The [C II] line is detected with high significance (∼9-28σ integrated) in all our targets, and is reliably detected along almost all lines of sight. Even pixels at the edges of the maps generally have S/N∼5, which means we are almost certainly missing some of the extended [C II] in each galaxy. Indeed, none of the footprints span the entirety of their target galaxies. We note that there is generally not widespread (spanning multiple beam widths) reliably-detected [O I], [O III], and [N II] line emission in our galaxies, though [O I] has ∼ 10σ integrated detections in three of our five galaxies over some moderatelysized regions.
The [N II] detection in WLM has the highest statistical significance in our sample, at 3.6σ. The emission has an offset of roughly -260 km s −1 from the galaxy's bulk velocity, however, which complicates matters. This falls outside of the 1 σ uncertainty set by the instrumental resolution and fit errors -the [N II] half-width at half-maximum is 145 km s −1 , and typical uncertainties on fitted velocities are no more than 10-20% of that. It is conceivable that some of the velocity offset could be due to an effect discussed in the PACS Observers' Manual, where a source that is spatially offset from a spaxel's center can lead to offsets on the diffraction grating. This only applies to emission that is compact with respect to the spaxels, and the WLM [N II] emission is right at the edge of that scale. This effect can only reasonably account for offsets of around 0.03µm for [N II], or one third of the roughly 0.1µm shift we see. One physical explanation could be that it may be due to emission from the ejecta of a supernova remnant, though nothing appears at those coordinates in the Little Things radio continuum maps (Kitchener et al., submitted Because we optimized the total integrated flux in each map in our image-total fluxes using the methods outlined in § 3.3, the integration regions in the [O III] and [N II] maps are often smaller than those for [C II]. Using the same integration regions as [C II] for these maps, however, does not increase the recovered fluxes in any map because of the addition of noisy spectra. Furthermore, the S/N maps (e.g., Figure 5 ) produced with the moving integration kernels determined that any flux in the areas external to our final defined regions were not bright enough to be detected at 3σ significance over scales from 1-3 beam widths. This means there is almost certainly not much missed gas that is near the surface brightness of our detections, and the fluxes we report are wellconstrained. Table 6 lists all of the image-total line fluxes and line ratios determined for each of our galaxies. The mean and dispersion for each flux ratio is given in Table 7 . All flux values were computed from maps that were first convolved to the limiting beam size for each ratio. Since the 0.4 ± 0.1 2.5 ± 0.7 5.3 ± 0.7 1.2 ± 0.4 3.4 ± 0.6
Flux Ratios
0.12 ± 0.03 0.24 ± 0.07 ( 0.10 ) ( 0.06 ) 0.20 ± 0.06 ratios are simply computed from the total flux recovered over each footprint, they are unresolved and suited for comparison with the measurements reported by B+08. Figure 8 shows ratios of the various Herschel lines as a function of metallicity and the common FIR diagnostics f 60µm /f 100µm and L TIR /L B for our sample. Unresolved 60µm/100µm ratios were often used in IRAS studies, so we also use them to compare with the results from B+08. It is important to note, though, that their values are for unresolved total galaxy fluxes, while we are looking at (usually small) regions within each of our galaxies. Figure 9 shows ratios of Herschel lines to TIR fluxes, compared with f 60µm /f 100µm , L TIR /L B , and metallicity.
The 60µm/100µm ratio is an oft-cited diagnostic of the dust-heating intensity in a system -to first order, the ratio depends on grain temperature. This FIR color is therefore a proxy for dust temperature, and is typically associated with global star formation activity (Dale et al. 2001) . The ratio of TIR and B luminosities represents the amount of light reprocessed by dust in the system compared to the starlight that escapes. It is typically taken as an indicator of both star formation activity and optical extinction. The interpretation of trends with TIR/B is admittedly complicated, as several factors can contribute to changes in this ratio. IRAS data for additional Little Things galaxies come from Hunter et al. (1989) and ISO data from Hunter et al. (2001) . Spiral, elliptical, and irregular † galaxy data points from Brauher et al. (2008) are given for comparison with the 60µm/100µm ratios, TIR/B ratios, and metallicities, complemented by dwarfs from the DGS sample . We only plot detections for the comparison sample data, omitting upper limits from B+08. TIR for that sample are computed from the 25, 60, and 100 µm flux densities: TIR IRAS = 2.403(νfν ) 25 − 0.245(νfν ) 60 + 1.638(νfν ) 100 . Metallicities for the reference sample were determined from the Luminosity-Metallicity relation described by Lamareille et al. (2004) . For our measurements, detections are denoted by solid filled stars. TIR derived from Herschel photometry is also shown by the hexagon symbols for galaxies with PACS 100µm data: DDO 69, DDO 70, and DDO 75. Upper and lower limits (3σ) for our data appear as empty symbols with arrows.
† The B+08 sample irregulars consist almost entirely of dIrrs, many of which belong to the larger Little Things sample. They do include a few non-dwarf irregulars, however, such as Arp 220 and the Cartwheel Galaxy. error bars each have an additional 50% uncertainty added in quadrature, to account for potential biases from the aperture selection. The reference sample dwarf, spiral, elliptical, and irregular galaxy markers are the same as those described in Figure 8 . Again, we only plot those data points from Brauher et al. (2008) with published detections, and TIR for that sample is calculated from 25, 60, and 100 µm data. Our detections, using TIR calculated from Spitzer maps, are represented by solid stars. The hexagons represent TIR determined from PACS 100µm, where available, and colored lines linking to the Spitzer points (stars) emphasize the differences. Upper limits (3σ) appear as empty symbols.
in the literature, though, and we comment on different interpretations when appropriate.
When comparing the Herschel line fluxes with infrared emission from Spitzer, we estimate total uncertainties by adding the internal uncertainties within each image ( § 3.4) and calibration uncertainties from each instrument (Table 4) Figure 14 .
Of further interest is the fact that the [C II] peaks are cospatial with regions of high H I column density (Figures 10 -12) . The [C II]-H I correlation is striking in the rest of our sample, as well. DDO 69, in particular, exhibits an almost perfect spatial agreement between the two. DDO 70, DDO 75, and WLM show the H I offset by only 5-10 from the [C II] peaks with the broader emission overlapping closely. The star formation tracers are offset as well, but nearby (within ∼15 ) for every observed region. We discuss the 2D relationship with H I in more detail in our forthcoming paper (Cigan et al., in preparation) .
Recent work by De Looze et al. (2014) has demonstrated that several fine structure lines accessible to PACS correlate with FUV+24µm star formation. Our galaxies are consistent with their findings. We calculated the extinction-corrected Σ SFR based on a weighted combination of FUV and 24µm using their prescription (originally from Hao et al. 2011) as well as the prescription of Leroy et al. (2012) , for comparison. For the image-total [C II] surface densities in our systems, the De Looze et al. (2014) formula predicts an average log Σ SFR(FUV+24) of -2.75 M yr −1 kpc −2 for our galaxies. The observed values (-2.55 using the calibration of Leroy et al. (2012) or -2.44 using that of Hao et al. (2011) lar clouds, which can also harbor dust-or self-shielded H I and H 2 (Tielens & Hollenbach 1985 , Wolfire et al. 2010 . We explore the relation between carbon and hydrogen species in our galaxies in an upcoming paper. See Hollenbach & Tielens (1997) for their classic review of PDR structure and atomic/molecular species arrangement therein. Also see Wolfire et al. (1990) , Bolatto et al. (1999) , and Kaufman et al. (1999) for additional discussions of the models of FIR line tracers of PDRs, and Röllig et al. (2006) who address PDRs at low metallicities.
[O I] emission at 63µm originates in the warm and cold neutral media. Neutral oxygen's ionization potential of 13.62 eV is quite close to that of hydrogen, making it a good tracer of the boundaries of neutral regions. This line is one of the main coolants of warm, dense gas, and traces gas deeper into PDRs than [C II] because it has a higher critical density for collisions with hydrogen.
The [O III] 88µm line comes from highly ionized environments, with radiation energies >35.12 eV. This comes from early O stars in H II regions.
[N II] 122µm emission comes from diffuse, ionized regions, where the radiation is more energetic than the 14.53 eV required to ionize neutral nitrogen. The critical density of [N II] is low (n ∼ 300), so this does not arise in denser H II regions. Since some of the [C II] observed can come from this phase, [N II] can be used to separate the diffuse [C II] component from the PDR emission (Heiles 1994) . Note. -Minimum, maximum, mean and standard deviation values. PACS line ratios and PACS line -PACS TIR ratios were determined from matched apertures. Spitzer TIR was determined for the whole PACS field of view. Only detections are included in the calculations.
B+08. These previous works were based on spatially unresolved observations. The large beam sizes of KAO (FWHM ∼55 ), ISO (FWHM ∼75 ), and IRAS (FWHM ∼90 ) in these earlier studies meant that a single measurement could cover the majority or entirety of a dwarf galaxy. Our single pointings represent small regions (200-500pc on each side) within a particular galaxy, and while each footprint can include several large star-forming complexes, we are still probing much smaller scales than the pre-Herschel works. Newer studies utilizing Herschel, such as DGS (Cormier et al. 2015, hereafter C+15) and KINGFISH , often have a mix of single pointings and mosaicked maps bridging the gap between the small scales of individual PDRs mapped in Galactic studies and large galaxy-average scales that limited previous-generation instruments. Our sample is the first to probe the FIR line emission of normal dwarfs with low metallicity and moderate star formation rates at these spatial scales. The line fluxes used in our ratios are not integrated over a whole galaxy or whole field of view, but are rather computed for smaller apertures matched between the lines as described in §3.3. We include a comparison sample for many galaxy types originally presented by B+08.
The FIR color 60µm/100µm, often taken as a proxy for dust temperature or dust heating intensity, is typically low in our sample -averaging around 0.3 -falling on the low end of the B+08 sample, though the errors in the IRAS observations are relatively large. Low 60µm/100µm ratios (low dust temperature) in dwarfs have been discussed in the literature: H+01, in their comparison of [C II]/f 15µm to 60µm/100µm, interpreted the dust as being cooler than in spirals because it's farther away, on average, from hot stars. Rémy-Ruyer et al. (2013) , on the other hand, have noted in their recent dust models of DGS dwarfs and KINGFISH spirals that dwarfs have warmer median dust temperatures (32K, vs. 23K for spirals), and that the lowest-metallicity dwarfs have the highest dust temperatures. This is supported by the findings of Walter et al. (2007) that the low-Z, quiescent star-forming dIrrs in the M81 group have warmer dust temperatures than spirals. These two results are not necessarily in disagreement -the DGS sample has many dwarfs with lower metallicities than the H+01 sample. Furthermore, selection effects of the targets of the different samples such as differences in Σ SFR and the ionizing radiation fields can affect these ratios.
We also note quite low ratios of TIR/B in much of our sample -so low that they appear to be truly set apart from the majority of systems discussed in previous works. There are only a handful of galaxies from the B+08 sample in this regime, including some ellipticals and fellow Little Things dwarf IC 1613. The average B−band and TIR luminosities in the B+08 sample are roughly the same for each galaxy type, almost always within an order of magnitude. Using the photometry parameters outlined in HE06 to integrate over each entire galaxy, the average B−band luminosity of 2.4×10
8 L for our sample is two orders of magnitude lower than that of the B+08 irregulars, though a handful of irregulars in their sample have similar L B values to ours. Our galaxy-wide TIR luminosities, however, average roughly five orders of magnitude less than those of the B+08 irregulars. This indicates that our galaxies have low TIR, rather than enhanced B.
This could simply result from a reduction in thermal FIR radiation due to lower levels of dust and cool gas, or it could be caused by cooler dust temperatures. The TIR continuum in our galaxies is low compared to the spectral line emission, but not nearly enough to account for the two orders of magnitude separating our TIR/B values from those in previous studies. Since B−band emission is not particularly high, the low TIR relative to B suggests that there is little extinction, or less starlight is processed by dust, which is at least partially a result of the low metallicities -and lower dust content -of these galaxies. Our galaxies have much lower metallicity than the majority of the B+08 sample, which supports this conclusion. We will explore dust temperatures of our systems in detail in our forthcoming paper on the Herschel photometry of Little Things galaxies.
There are no strong trends with metallicity among the detected line ratios within our sample. When compared to the 60µm/100µm ratio, our galaxies appear to lay in a region more typical of spirals than dwarf irregular galaxies, as shown in Figure 8 . Though both ratios are low in our galaxies, there is a large uncertainty in the 60µm/100µm ratio, which means the targets studied here could potentially be consistent with the low end of the other irregulars.
We note that within our sample, [O I]/[C II] increases with dust heating intensity as traced by 60µm/100µm, and this fits in nicely with the trend visible among the other galaxies in the B+08 and DGS samples. M+01 and B+08 describe a strong positive correlation, with [O I] dominating the ISM cooling in warmer environments (larger 60µm/100µm ratio). The transition point they find is 60µm/100µm≈0.8. Our sample falls well below this mark, and thus our ratios of less than unity ([C II]-dominant) are consistent with the trend. We find no apparent trend within our galaxies for TIR/B, but our dwarfs fall more or less in line with the overall increasing trend combining other irregulars and spirals of the B+08 sample.
The low metallicities in our systems may also be a key factor for cooler PDRs. There is less dust, which translates to less PDR gas heating, and thus lower average PDR temperatures. According to the models of Röllig et al. (2006) , this can result in more [C II] and less [O I], independently of density. Careful modeling will be required to determine the exact roles of temperature and density, however. [O I]/[C II] appears to decrease slightly as metallicity goes down across several galaxy types, but the relation among irregulars has less scatter.
[O III]/[C II]: Our sources exhibit low ratios, among the lowest observed for dwarfs. One striking result is the fact that we see low [O III]-to-[C II] ratios (less than unity) compared with other dwarf galaxies, and pushing into a regime more typical of spirals. Previous works (H+01; Cormier et al. 2010 Cormier et al. , 2012 Lebouteiller et al. 2012; Cormier et al. 2015) is often the brightest FIR line observed in low-metallicity starburst galaxies, but our galaxies are much more quiescent star-formers.
[O III] is produced by radiation from O and B stars in H II regions; the low ratio could indicate a dearth of these massive stars near our observed regions, or in the systems in general. This is not clearly linked to decreasing metallicity -there is no definitive trend in our data with Z. Not only are the TIR/B values in our sample lower than for other galaxies, but the [O III]/[C II] ratios are much lower than would be expected for the negative trend among dwarfs noted by B+08.
[ is much higher than in any system of our sam-ple, suggesting the radiation field is less hard. B+08 only hint at possible correlations with 60µm/100µm and TIR/B for their sample, due to insufficient detections. Aside from the radiation field, variations in the overall elemental abundance ratios (N/O) can also affect this ratio.
[C II]/TIR: [C II] can comprise around 1% of the TIR emission in our dwarfs -quite high relative to most other galaxies of any type. With [C II] levels around 0.5% of TIR Spitzer for most of our sample, and near 1% of the Herschel -based TIR, all of our galaxies except DDO 70 fall above the B+08 sample -the vast majority of other galaxies of all morphologies have [C II]/TIR ratios of less than 0.4%. Considering that a typical high [C II]-to-FIR ratio for irregulars is ≈1% (Madden 2000) , and that TIR is often about two times greater than FIR in dwarfs (H+01), our galaxies have high ratios indeed. For context, the highest reported [C II]/FIR detection of 2.2% comes from the N159 region of the Large Magellanic Cloud (Israel et al. 1996) , using FIR determined from IRAS. Díaz-Santos et al. (2014) find that [C II] in nearby Luminous InfraRed Galaxies (LIRGS) also pushes up to around 2% of the IRAS-based FIR. We find a spread in [C II]/TIR Spitzer for our five galaxies of 0.37 ± 0.06% up to 0.86 ± 0.20% (using TIR Herschel this becomes 0.73 ± 0.11% to 1.19 ± 0.31%).
We investigated the possibility of a spatial selection effect as one explanation for the high observed ratios. The B+08 comparison sample ratios are averages over the whole galaxy, because the galaxies were unresolved in those observations. Our new Herschel data, on the contrary, can resolve features within the galaxies which may have local enhancements of [C II] emission. Without complete [C II] maps of each system we cannot formally disprove that hypothesis, but it seems unlikely given that the observed regions are not unusual in any other band (UV, optical broadband, Hα, HI, FIR) compared to the rest of the galaxy, and therefore it would be statistically unlikely to pick out locations of enhanced [C II] by chance in all targets.
Our data follow the slightly decreasing trend of [C II]/TIR with increasing 60µm/100µm, seen often in the literature (Malhotra et al. 1997; Luhman et al. 1998; Leech et al. 1999; Negishi et al. 2001; B+08) . The high ratio of [C II]-to-TIR for 60µm/100µm values between 0.3-0.6 is discussed briefly by B+08. They propose that either there is a high fraction of intermediate-mass stars that produce copious amounts of UV and [C II] radiation, or that there is simply a dearth of FIR emission. The low [O III]/[C II] ratios observed in our galaxies are consistent with the latter hypothesis, though [C II] and TIR are both affected by photoelectric heating -a decrease in one should generally correspond to a decrease in the other. This suggests that our systems may have a high filling factor of gas with a moderate radiation field G 0 and a moderate (diffuse) density, which could lead to elevated levels of [C II] compared to [O III] and TIR.
Our galaxies tend to have similar TIR/B values as found in elliptical galaxies. However, the high [C II]/TIR ratios set them apart. This combination implies low dust masses in our galaxies. This is consistent with recent results from Leroy et al. (2011) , who demonstrated that dust content in their models decreases with diminishing O/H.
We note that the [C II]/TIR ratio seems to follow a weak inverse trend with metallicity, when comparing our sample to other galaxy types. There is quite a bit of scatter, however, and there is no such trend among irregulars if our sample is omitted.
[ There is no appreciable trend with TIR/B among the detections in our sample, as their TIR/B values are quite close. If we were to consider the upper limit for DDO 75, though, a steep negative trend emerges. There is no obvious trend with metallicity, though there may be a slight increase in [N II]/TIR as Z decreases.
[O III]/TIR: We see no apparent trends, and our sample is inconsistent with a previously noted relation. B+08 discuss an increase in [O III]/TIR with warmer IRAS color when considering all galaxy types, attributing this to denser H II regions in warmer galaxies. Our sample seems to show a slightly decreasing trend with 60µm/100µm, though the scatter is smaller than found in the B+08 subsamples. C+15 notes that the DGS sample has a flattened relation, since [O III] can also originate from low density ionized gas. It seems that there are no overall trends among particular galaxy types with 60µm/100µm.
The B+08 sample shows a strikingly tight anticorrelation between [O III]/TIR and TIR/B in irregular galaxies, echoed by a similar anticorrelation with L T IR already noted by C+15. Our galaxies do not follow this -or any -trend with TIR/B. Even if our galaxies were uniformly shifted in TIR/B (which would require a factor of ∼150), they would still not line up cleanly with the trend, as the factor of ∼3 spread in [O III]/TIR is almost as large as the spread in the B+08 irregulars. Our galaxies show a slight decrease in [O III]/TIR as metallicity decreases, however.
(
Our ratios are high relative to other galaxies -suggesting enhanced photoelectric efficiency in our sample. The ratio of ([O I]+[C II]) to TIR is a diagnostic of gas heating efficiency of PDRs in galaxies, as discussed by Hollenbach & Tielens (1997) . In short, TIR emission traces the gas heating, while [C II] and [O I] trace the gas cooling. Assuming that the photoelectric effect on dust is responsible for the gas heating, the ratio of ([O I]+[C II])/TIR is thus a proxy for the photoelectric efficiency. In the presence of a strong radiation field, dust grains may on average have a slight charge, due to having already lost electrons. Since it is more difficult to remove additional electrons, the photoelectric efficiency would decrease in those conditions. Weaker radiation fields, on the other hand, would lead to less ionized dust, and the efficiency would increase. This may explain the high ([O I]+[C II])/TIR ratios in our systems.
We note that since [C II] dominates over [O I] , the trend looks almost the same as that in the [C II]/TIR comparison. The reference galaxy sample from B+08, also similar to that in [C II]/TIR, has significant scatter for irregulars and spirals on the lower half of the plot. M+01 showed a decreasing trend for this ratio with respect to increasing 60µm/100µm, and our data fall nicely in line with this trend, indicating that our sample consists of efficient coolers. There is no obvious trend with TIR/B within our galaxies, though ignoring the low-end scatter in the B+08 sample, there may be a slight downward trend overall with other galaxies.
I T IR Comparison: Values are within expectations, with a possible indication of decreased hydrogen density. Figure 15 in the following section presents spatially resolved measurements of several lines as compared with the total infrared brightness I T IR , but for now we only consider the measurements spanning the whole footprint of each galaxy (the hexagon symbols). At the distances listed in Table 1 , our TIR brightnesses translate to a span of roughly 10 6 − 10 7 L , quite small compared to the 10 6 − 10 12 L range in DGS (C+15) and B+08 samples because we are looking at small regions within faint dwarf galaxies.
Our are normal compared to the other galaxy types. The one conspicuous outlier considering all of these facts is that [C II] emission is enhanced relative to both the TIR continuum and to the other lines in our galaxies. That is, [C II] could be the primary driver behind many of these findings. A more detailed comparison of [C II] and H I will thus be interesting, as will further study of [C II] relative to star formation tracers, and we will address both of these topics in upcoming papers.
Spatially-Resolved Trends
The spatial arrangement of the line flux peaks bolsters our claim that the bulk of the [C II] comes from PDRs instead of the diffuse medium in our objects. As discussed in § 4.3, Figures 10 -12 The various FIR line ratios in discrete resolved regions within our galaxies are compared to TIR/B as well as integrated TIR brightness in Figure 15 . As discussed in § 3.5, we make a grid of integration regions by dividing the maps into uniform divisions the size of the [C II] beam. The MIPS 160µm data, which limit the resolution of the TIR luminosity, have a PSF that is nearly the size of each Herschel footprint, meaning several of the individually resolved and gridded regions would be contained within one Spitzer TIR beam. For this reason, only Herschel -based TIR values are considered for these smaller regions. Since the [O III] and [N II] maps require spatial integration over specific areas to recover detections above 3σ significance, there are no regions where both the line flux and TIR flux within one of the 5×5 beam-sized apertures have S/N>3 for these particular lines. For this reason, we omit them from the plots in Figure 15 .
Generally speaking, there are no obvious trends for any of the resolved line ratios across the data of all three galaxies in concert. There are a few correlations for ratios among the data within the footprints of individual galaxies, though.
[ our galaxies. DDO 75 shows little sign of any change in the ratios as either TIR brightness or TIR/B vary within our maps. DDO 69, however, shows definite decreases with both I T IR and TIR/B. The DDO 70 ratios decrease slightly with TIR brightness, to a lesser extent than DDO 69, but do not change much with TIR/B.
[ 
SUMMARY
We have presented Herschel PACS spectroscopy of a sample of five dwarf galaxies from the Little Things Survey -DDO 69, DDO 70, DDO 75, DDO 155, and WLM. All five galaxies are faint, low-metallicity (7.4 < Z < 7.8), nearby (between 0.8 and 2.2 Mpc) dwarfs with moderate star formation (averaging 0.09 M yr −1 ). Prior to Herschel, these types of systems were extremely difficult to observe in the FIR, but these recent detections now make it possible to explore the regime of dwarfs with very low metallicity and not undergoing starburst episodes, on the scales of large star-forming complexes.
We observed four fine-structure lines in each galaxy: are indicators of regions with ionized gas. We compare to the total infrared continuum as estimated by Spitzer 24, 70, and 160µm maps, though the coarse resolution of the MIPS maps effectively limits TIR Spitzer to average values over the field of view of the PACS maps. Where available, we also utilize new PACS 100µm observations to estimate TIR at the same resolution as the line emission.
The dwarfs in our sample have low TIR/B as well as low 60µm/100µm. This indicates cooler dust in lower quantities on average in our systems than for other dIrrs and spirals. Thus they are at one extreme, having low temperature, low dust content, and low metallicity (5-13% of Z ).
Upon examination of several line ratios and comparisons with previous studies of other galaxies, we find:
• The [C II]/TIR ratios in all our galaxies are extremely high, on the order of 0.4-1%. This is comparable to some of the highest ratios detected in other galaxies, including dwarfs, spirals, ellipticals, and LIRGS. These resolved line ratios will help us to model the properties of extragalactic PDRs in low metallicity systems at high spatial resolution in future publications.
